Utilizing over 140,000 geocoded medical records for a diverse sample of children ages 2-12 living in Houston, Texas, we examine whether a comprehensive set of neighborhood social and environmental characteristics explain racial and ethnic disparities in childhood asthma. Adjusting for all individual risk factors, as well as neighborhood concentrated disadvantage, particulate matter, ozone concentration, and race/ethnic composition, reduced but did not fully attenuate the higher odds of asthma diagnosis among black (OR=2.59, 95% CI=2.39, 2.80), Hispanic (OR=1.22, 95% CI=1.14, 1.32) and Asian (OR=1.18, 95% CI=1.04, 1.33) children relative to whites.
Introduction
Asthma, a leading chronic condition among children in the U.S., varies substantially across racial/ethnic groups. In 2012, 22% of nonHispanic black children carried a diagnosis of asthma compared to 14% of Hispanic and 12% of non-Hispanic white children (Bloom et al., 2013) . Research suggests that disparities in asthma prevalence between black and white children have increased in the last decade (Akinbami et al., 2014) . The causes of asthma, which include a range of individual-and contextual-level risk factors, are complex (Gold and Wright, 2005) . While it remains unclear why large disparities in childhood asthma persist, recent attention is focusing beyond individual level factors to the role of neighborhood context (Wilhelm et al., 2009; Williams et al., 2009; Rosenbaum, 2008) .
Neighborhood factors contribute to pediatric asthma by exposing children to health risks and resources in the physical and social environment, which become biologically "embodied" and reflected in the social patterning of asthma prevalence (Kreiger, 2001: 673) . Asthma prevalence is higher in low-income, urban communities (Williams et al., 2009; Bhan et al., 2015) , and black and Hispanic children disproportionately live in disadvantaged and racially segregated areas, which are contextual characteristics associated with a host of negative health risks and outcomes (Williams and Collins, 2001; Williams et al., 2009; Lichter, 2013) . Black and Hispanic children are therefore exposed to ecologically distinct physical and social environments that may contribute to the uneven distribution of asthma prevalence.
The purpose of this study is to examine whether racial and ethnic disparities persist in asthma prevalence after accounting for children's differential exposure to health risks at the individual and neighborhood-level. Specifically, we draw from an ecological framework to examine whether three aspects of neighborhood context account, at least partially, for racial/ethnic disparities in childhood asthma: outdoor air pollution (including particulate matter and ozone levels), socioeconomic status (SES), and race/ethnic residential composition. chronically exposed to high levels of ozone and particulate matter at the county-level are more likely to suffer from asthma, and among children living in L.A., high ozone exposure is associated with worse asthma morbidity even after accounting for household and neighborhood-level risk factors (Wilhelm et al., 2009) . Nishimura et al. (2013) , however, find no association between early life exposure to PM 2.5 and subsequent asthma onset among Latino and black children from five geographic regions in the U.S. and Puerto Rico. Beyond these inconsistencies, it is less clear whether disproportionate exposure to outdoor air pollution accounts, at least in part, for higher rates of asthma prevalence among black and Hispanic children. Higher levels of air pollution are generally found in lower-income, non-white communities (Gold and Wright, 2005; Ash and Fetter, 2004) , and evidence suggests that children in low-income neighborhoods experience increased incidence of asthma diagnosis when ambient air pollution levels rise (Wendt et al., 2014) . Several studies, however, find persistent racial disparities in asthma even after controlling for air pollution, suggesting that air pollutants are one of many asthma risk factors unevenly experienced by minorities (e.g. Rosenbaum, 2008; Astell-Burt et al., 2013) .
Higher rates of asthma prevalence in low SES neighborhoods may also indicate differential health risks in the social environment. Neighborhood disadvantage, which exposes residents to a host of daily and chronic stressors, is characterized by a web of health risks including poverty, substandard housing and building infrastructure, unemployment, the erosion of social capital, and exposure to high levels of violence and crime (Williams et al., 2009; Gold and Wright, 2005) . In turn, stress is associated with increased asthma severity (and possibly asthma onset) among children, particularly in early life (Chen et al., 2006; Gold and Wright, 2005) . For instance, exposure to community violence has been linked to worse asthma morbidity among children and increased vulnerability to negative respiratory health effects of air pollution (Wright, 2011; Williams et al., 2009) . Neighborhood disadvantage may also influence behavioral risk factors if residents adopt coping strategies (e.g. smoking) that threaten children's respiratory health (Gold and Wright, 2005) .
Racial residential composition is another aspect of the social environment that may contribute to racial disparities in childhood asthma. There are well-established race/ethnic disparities in housing and neighborhood conditions, which are not fully attributable to group differences in SES (Rosenbaum, 2008; Friedman and Rosenbaum, 2004) . Specifically, black and Hispanic households are exposed to higher levels of substandard housing conditions (e.g. chipping paint, pest infestation, lower quality housing stock and inadequate heating), which are risk factors associated with asthma prevalence and increased asthma morbidity (Rosenbaum, 2008; Krieger and Higgins, 2002) . Racial residential composition is also a powerful predictor of neighborhood quality and access to community resources (Logan, 2013; Massey and Denton, 1993) . For instance, Logan (2013) finds that on average, affluent black and Hispanic households are exposed to higher levels of neighborhood poverty than poor white households. While racial residential segregation is typically linked to poor health outcomes (Williams and Collins, 2001) , some evidence suggests that after accounting for area-level socioeconomic disadvantage, a protective effect of racial/ethnic density emerges, whereby race/ethnic minorities are healthier when they live in neighborhoods with a higher concentration of members from their own race/ethnic group (Bécares et al., 2012; Astell-Burt et al., 2013) . The protective effects of racial/ethnic density, or co-ethnic composition, are theoretically attributed to the buffering effects of bolstered social cohesion, a strong sense of community, mutual social support and diminished exposure to racial discrimination and low-status stigma (Bécares et al., 2012; White and Borrell, 2011) . In a review of 57 studies examining the (physical) health effects of ethnic density among adults, Bécares et al. (2012) conclude that higher levels of residential co-ethnic composition are often detrimental for U.S. blacks, though generally protective for U.S.
Hispanics. Overall, the protective or harmful effect of ethnic density varied by physical health outcome and respondent race/ethnicity (Bécares et al., 2012) . Taken together, racial residential composition, regardless of SES, influences children's exposure to health risks and resources, and as such, is an important component for understanding the racial patterning of asthma prevalence among children who reside in neighborhoods of various race/ethnic compositions.
Despite this potential importance of racial residential composition, we know very little about how neighborhood racial composition is associated with childhood asthma. Among the few studies that account for racial composition, researchers typically examine how the presence of a single race/ethnic group (e.g. percent black) influences asthma outcomes (equally) for all children (e.g. Holt et al., 2013; Rosenbaum, 2008; Wilhelm et al., 2009; Cagney et al., 2007) . For instance, Holt et al. (2013) find no association between asthma diagnosis by age five and percent non-Hispanic black residents, while Rosenbaum (2008) finds no association between the percent of white residents and asthma prevalence among a racially and ethnically diverse sample of New York households. None of these studies, however, assess the effect of race/ ethnic composition (i.e. race/ethnic density) for each race/ethnic group (e.g. percent Hispanic for Hispanic respondents) or whether the effect of co-ethnic composition differs by respondent race/ethnicity. In several U.S. metropolitan areas, including Houston, large-scale immigration from Latin American and Asian countries is creating a context of changing residential patterns. Neighborhoods of race/ethnic diversity are emerging but also coexisting alongside neighborhoods characterized by more traditional patterns of segregation (e.g. black-white) and white flight (Logan and Zhang, 2010; Logan, 2013) . To reflect the diversifying landscape of the U.S. and to fill existing gaps, we utilize an indicator of racial composition -percent co-ethnic (also referred to hereafter as co-ethnic composition) -to assess how racial disparities in asthma prevalence are associated with various arrangements of racial/ ethnic density for black, white, Hispanic and Asian respondents. To our knowledge, this is the first study to examine the effects of percent coethnic for childhood asthma and to test whether these effects differ based on a child's race/ethnic status.
Racial disparities in childhood asthma therefore must be understood as resulting from multiple, concurrent health risks at the individual and neighborhood level (Williams et al., 2009) . To capture asthma risk across multiple contextual levels, we link electronic medical records from over 200,000 children (ages 2-12) living in the Houston metropolitan region with census and historical ambient air quality data to create a detailed portrait of children's physical and social environment. The Houston metropolitan area, as the most racially and ethnically diverse large metropolitan area in the U.S. (Emerson et al., 2012) , is an ideal location for examining how racial differences in childhood asthma are related to neighborhood contexts that diverge from the traditional black-white color line (Logan, 2013) . The current study has two primary goals. First, we establish how asthma prevalence differs among non-Hispanic black (black), Hispanic, Asian and non-Hispanic white (white) children in a large, ethnically diverse sample. Second, holding individual-level characteristics constant, we examine whether accounting for differential exposure to health risks in the neighborhood environment -including outdoor air pollution, concentrated disadvantage and racial residential composition -explains race/ethnic disparities in childhood asthma. Few studies have explored the role of neighborhood context in contributing to racial disparities in pediatric asthma, and to our knowledge, none of these studies include comprehensive measures of both the physical (e.g. outdoor air pollution) and social environments (e.g. neighborhood SES and racial/ethnic residential composition) (e.g. Rosenbaum, 2008; Holt et al., 2013; Pearlman et al., 2006) .
Data and methods
Data for our project come from multiple sources. Health records from all inpatient pediatric visits to Texas Children's Hospital (TCH) and all outpatient visits to Texas Children's Pediatrics Associates (TCPA) in 2011-2013 were compiled. The TCPA data was generated from 50 clinics located in the Houston metropolitan area. To be included in our sample, children must have had an outpatient TCPA record, and they may have also had an inpatient record. Children who were only in our inpatient sample (most of whom live outside the Houston area) or had missing values for insurance (24%) or race/ ethnic status (12%) were not retained. If a child was aged 2-12 at one or more visits, they were included in our records. If more than one child per household was in the data, we selected one child at random for a final sample size of 142,407 unique children ages 2-12 with visits to TCPA in [2011] [2012] [2013] . Contextual data at the Census tract geographic level come from two sources. First, U.S. American Community Survey data from 2009-2013 is utilized to characterize the racial/ethnic and socioeconomic composition of the children's neighborhoods. Second, ozone and PM 2.5 data for the years 2010-2012 are gathered from the Texas Commission on Environmental Quality's Texas Air Monitoring Information System. The individual-level health records were linked to children's residential neighborhoods (Census tracts) and the contextual data, to create detailed information about the residential context in which the children live.
Measures
To assess whether a child had asthma, we utilized billing codes and descriptions in the patient records. If a child received an ICD9 diagnosis code in the first five diagnosis fields at any visit that contained the word "asthma," the child was coded as having asthma. These billing code descriptions correspond to ICD9 codes which begin with 493. It is important to note that there may be asthmatic children in our data who are not coded as asthmatic, if they visited the doctor or were seen as an inpatient but did not receive a billing code for asthma. However, the rates of asthma we see in our data (described further in the results section) are comparable to other local and state estimates (Wickerham and Bhakta, 2013) . Moreover, health records have potential advantages over parent-reported survey data, which may be prone to bias (Akinbami et al., 2014 (Akinbami et al., , 2005 . We also control for the total number of medical visits a child made in 2011-2013, because the likelihood of receiving an asthma diagnosis may increase along with the number of visits.
Additional child-level data extracted from the medical record included age, gender, race/ethnicity, and insurance type. Child race/ ethnicity was categorized as Non-Hispanic white (white), NonHispanic black (black), Hispanic, and Asian. Children's insurance type was categorized as private or public. At the Census tract or neighborhood level, our measures include environmental air quality indicators as well as measures of socioeconomic and racial/ethnic composition. To determine air quality measures, daily maximum 8-h ozone concentrations and daily concentrations of PM 2.5 were used to calculate the average of quarterly means over three years (2010) (2011) (2012) with data collected from the Houston Metropolitan area air monitoring network. Census tract concentrations were then estimated at the geographic center using a geostatistical method that incorporates data from nearby air monitors (Rodriquez and Alexeeff, 2014) . Our measures of ozone and PM 2.5 concentration indicate chronic, rather than acute, exposure to ambient air pollutants. We include ozone concentration as a continuous measure and PM 2.5 as quartiles because the measures are collinear.
To assess social and economic disadvantage in neighborhoods we include an index of concentrated disadvantage, created based on the first dimension of a principal components factor analysis on percent of adults in the census tract living below the poverty line, the percent of households receiving public assistance, the percent of adult residents who are unemployed, and the percent of female-headed households with children (Sampson et al., 1997) . To assess the race/ethnic composition of neighborhoods, we account for the percent of neighborhood residents who share the respondent's race/ethnicity. This method of considering the presence of co-ethnic residents for each race/ethnic group allows us to test whether residential co-ethnic composition is differentially protective or harmful for asthma prevalence among a diverse sample of children, who live in neighborhoods characterized by various arrangements of race/ethnic composition.
Analysis
Because our data come from children who are nested within neighborhoods but who are also cross-classified within outpatient pediatric clinics, our analytic strategy relies on cross-classified multilevel logistic regression models (Rabe-Hesketh and Skrondal, 2012) , predicting our binary outcome of whether the child ever received a diagnosis of asthma. These models allow us to take into account the fact that children from different neighborhoods access the same clinic; and that children from the same neighborhoods access different clinics. They also allow us to estimate the variance attributable to the clinic level as well as the neighborhood level. In addition, when one level of potential classification is ignored with clustered data, estimates may be biased (Dunn et al., 2015) . In our data, children are nested within 1039 neighborhoods and 50 clinics. The average neighborhood has 137 children and the average clinic has 2848 children. Table 1 presents descriptive statistics about our individual-level and neighborhood-level data. Table 2 first presents results of a set of models that progressively add individual-level covariates (Table 2 , Models 1-2). Next, we add neighborhood-level covariates for our environmental and socioeconomic measures, separately (Table 2 , Models 3-4). We then estimate a model which includes all individual-and neighborhood-level covariates, including percent co-ethnic (Table 2, Model 5). Finally, we assess whether the effect of co-ethnic composition on asthma risk differs by children's race/ethnic status (Table 2, Model 6).
Sensitivity analyses
To assess the robustness of our findings, we conducted a number of sensitivity analyses. First, we estimated models including patients who were missing values on insurance and race/ethnicity. Because our findings were substantively similar, we exclude children missing on those covariates in the models we present here. We also ran separate multilevel models with children clustered only within neighborhoods and then only within clinics. Although the fixed effect estimates were substantively similar across model specifications, the confidence intervals for the variance components were smallest using the crossclassified models and so we present those estimates. Further, although a relatively small proportion of our sample moved during the study period (15%) (as estimated from changes in address in their billing data) we estimated the fully-adjusted model (Table 2, Model 5) only for children who did not move. Results were virtually identical, so we include both movers and non-movers in the models presented here.
Results
Among our analytic sample of 142,407 pediatric patients ages 2-12, approximately 6% of children have a physician-diagnosis of asthma. Table 1 presents descriptive statistics for the full sample and by the child's race/ethnic group. In terms of race/ethnicity, 50% of the children are white, 16% are black, 28% are Hispanic, 6% are Asian. On average, the children are 6 years old, and 72% are privately insured. Another 28% have public health insurance such as Medicaid or the Children's Health Insurance Program (CHIP). Census tract air quality concentrations are measured in micrograms per cubic meter with an ozone range from 23.8 to 31.4, and low to high PM 2.5 quartiles range from 6.8-9.9 ("low" PM 2.5 ), 10.0-10.3, 10.4-10.7 and 10.8-11.5 ("high" PM 2.5 ), respectively. In terms of PM 2.5 exposure, 21% of children in our sample live in a "high" PM 2.5 neighborhood, while 19% live in a "low" PM 2.5 neighborhood. On average, children reside in neighborhoods where 50% of residents share their race/ethnic status.
Asthma diagnoses by race/ethnicity reveal stark differences, as just 4% of white and Asian children have an asthma diagnosis, while fully 13% of black and 7% of Hispanic children do. White and Asian children are much more likely to have private insurance (90% and 91%, respectively) relative to black and Hispanic children (48% and 48%, Note: Children are cross-classified by neighborhoods and by clinic. For the fixed effect estimates, odds ratios (O.R.) are presented along with 95% confidence intervals. The intercept is a parameter estimate presented with its standard error in parentheses. Random effect estimates are presented as parameters and 95% confidence intervals. Note: NHW: non-Hispanic white; NHB: non-Hispanic black; H: Hispanic; A: Asian. respectively). In terms of environmental measures, while whites are more likely to live in neighborhoods with higher levels of ozone, blacks and Hispanics live in neighborhoods with significantly higher levels of PM 2.5. In fact, while 12% of white children live in the highest PM 2.5 quartile neighborhoods, 33% of black children and 34% of Hispanic children live in these neighborhoods. Similarly, white and Asian children live in neighborhoods with far lower levels of concentrated disadvantage, relative to black and Hispanic children. Finally, children's race/ethnicity is strongly associated with the racial/ethnic composition of their neighborhoods. Black, Hispanic and Asian children live in neighborhoods with significantly fewer co-ethnics compared to whites. We also tested (not shown) how children's neighborhood co-ethnic composition was related to PM 2.5 and found that higher PM 2.5 was associated with higher levels of co-ethnic composition for black and Hispanic children relative to whites. Table 2 presents cross-classified logistic regression analyses predicting the odds of asthma diagnosis. Model 1 shows odds of asthma diagnosis by race/ethnic status and controls for sex, age, and number of clinic visits. Compared to whites, black children have nearly three times the odds of asthma diagnosis (OR=2.93, 95% CI=2.74, 3.14), while Hispanics and Asians have 34% and 28% higher odds, respectively. In terms of model fit, the significant clinic and neighborhoodlevel random intercepts support the use of multilevel cross-classified models and reveal the majority of the variation occurs at the clinic level rather than the neighborhood level. Model 2 controls for sex, age, number of clinic visits, and insurance status, which are all significantly related to the odds of asthma diagnosis. For instance, children with public insurance have 21% higher odds of asthma compared to those privately insured, while male and older children also have higher odds of asthma diagnosis. Accounting for these individual characteristics, however, does not significantly attenuate the higher odds of asthma among black, Hispanic and Asian children. Model 3 controls for individual characteristics and includes our indicators of the physical environment, ozone and fine particulate matter. Ozone is not significantly related to children's asthma risk, and we also find no significant association between exposure to PM 2.5 (at any level) and asthma risk.
Individual and neighborhood associations with asthma diagnosis
Model 4 controls for individual characteristics and focuses on neighborhood concentrated disadvantage, which is significantly related to asthma diagnosis. Each standard deviation increase in concentrated disadvantage is associated with 4% higher odds of asthma. Accounting for neighborhood disadvantage, however, does not significantly mitigate the overall race/ethnic disparities in asthma. Next, model 5 adjusts for all individual and neighborhood-level factors, including percent co-ethnic of children's neighborhood. Overall, a child living in a neighborhood with a higher percentage of co-ethnic residents for his/ her race/ethnic group has 20% lower odds of an asthma diagnosis. Also at the neighborhood-level, concentrated disadvantage remains marginally associated with higher odds of asthma diagnosis (OR=1.06, 95% CI=1.03, 1.09). Accounting for all the individual-and neighborhoodlevel characteristics reduces but does not fully attenuate the higher odds of asthma diagnosis among black, Hispanic and Asian children relative to white children. Compared to model 1, the black-white gap in asthma risk is reduced by roughly18%, but it still remains stark at 2.59 times as high for black children relative to white children. Finally, model 6 tests whether the influence of percent co-ethnic composition on children's risk of asthma diagnosis varies by race/ethnicity. Relative to white children, who experience substantial reductions in asthma risk as the percent of white residents increases, black and Asian children's asthma risk actually increases as percent co-ethnic increases. Hispanic children, relative to white children, experience a less steep decline in risk as percent co-ethnic increases. We depict this relationship in Fig. 1 , which plots the predicted probability of asthma diagnosis by percent co-ethnic across each race/ethnic group. Fig. 1 shows that living in a neighborhood with a higher percentage of co-ethnic residents is protective for whites and to a lesser degree Hispanics, while the opposite is true for black and Asian children. It is important to note that while the association between percent co-ethnic and asthma risk differs significantly for black children relative to white children, percent co-ethnic does not have a major impact on the risk of asthma for black children, which remains high across levels of percent co-ethnic.
Discussion
The current study had two main goals. First, using medical records of in-and out-patient care linked with census and government air monitoring data, we documented physician-diagnosed asthma prevalence among a diverse sample of Hispanic, black, Asian and white children. Most studies of racial disparities in asthma are limited to black and white comparisons, and very few studies include Asians (Rosenbaum, 2008) . We found that black and Hispanic children had significantly higher rates of asthma diagnosis compared to whites, and similar to prior research, that black children had the highest level of asthma prevalence (Akinbami et al., 2014 (Akinbami et al., , 2009 Rosenbaum, 2008) .
Our second goal was to examine whether accounting for differential exposure to social and physical health risks at the neighborhood-level reduced, at least in part, the observed racial/ethnic disparities in asthma prevalence. Using cross-classified multilevel models, we find that two aspects of the social environment-concentrated disadvantage and co-ethnic composition-were related to risk of asthma diagnosis above and beyond individual and clinic-level characteristics. We speculate that higher asthma prevalence in certain neighborhoods may be attributable to the independent or interacting effect of health-damaging social (e.g. undermined collective efficacy and discrimination) and structural (e.g. gentrification and institutional discrimination) processes that we were unable to assess. In particular, neighborhood concentrated disadvantage increased children's risk of asthma diagnosis. It is likely that several mechanisms, which we were unable to directly test, link neighborhood concentrated disadvantage with increased asthma risk, including, but not limited to, exposure to violence/crime, safety concerns, and the erosion of social cohesion, which materialize as health-damaging acute and chronic stressors (Williams et al., 2009; Gold and Wright, 2005; Chen et al., 2006; Wright, 2011) . It is also possible that our measure of concentrated disadvantage captures household characteristics associated with asthma risk, such as dilapidated housing and indoor allergens/pests, known to differ by household SES and race/ethnic status (Rosenbaum, 2008; Camacho-Rivera et al., 2014) .
The results also indicate that the influence of co-ethnic composition on asthma prevalence varies by race/ethnicity. Living in a neighbor- hood where a higher percentage of residents share the child's race/ ethnic identity was associated with lower odds of asthma for white and Hispanic children but higher odds for black and Asian children. The protective effect of co-ethnic composition for white children is likely attributable to the well-established material and social benefits associated with predominately white neighborhoods that our indicator of neighborhood concentrated disadvantage was perhaps not able to fully capture (Logan, 2013) . It is less clear why Hispanic children experience a protective effect of percent co-ethnic, though prior research focused on adult mortality and physical health also finds a protective effect of ethnic density among Hispanic adults (Bécares et al., 2012) . Further, while Hispanics are the second most segregated minority group in the U.S., the nature and degree of residential segregation differs between Hispanics and blacks (Iceland and Wilkes, 2006; Massey and Denton, 1993) . In the U.S black households experience the highest levels of residential segregation (e.g. hypersegregation) than any race/ethnic group (both historically and currently) as the result of independent and combined influences of individual, collective and institutional forms of racial discrimination (Massey and Denton, 1993) . Further, areas with high black ethnic density are associated with a host of healthcompromising characteristics (e.g. degree of poverty, unemployed, and institutional disinvestment) (Bécares et al., 2012) . We speculate that our indicator of residential composition (i.e. percent co-ethnic)-which differs from formal measures of racial residential segregationis capturing some but not all aspects of the uniquely disadvantaged ecological environments that many black children experience, which may override protective effects of black ethnic density for asthma prevalence. The mechanisms linking risk of asthma and co-ethnic composition are less clear for Asian children, who experienced increased risk of asthma when living among more co-ethnics.
It is possible that factors which were unable to assess, like immigration status and nativity, are important characteristics that influence the direct and moderating effect of race/ethnic density for Asian children's risk of asthma. Significant heterogeneity exists among U.S. black, Hispanic and Asian populations, and future research should consider additional individual and community characteristics that may influence the effect of race/ethnic residential composition on child health outcomes (Bécares et al., 2012) . Documenting the association between racial health disparities across various combinations of race/ ethnic neighborhood composition, however, is an important first step for establishing how the diversifying demographic landscape of the U.S. is becoming sorted into distinct ecological contexts that promote (or hinder) well-being among residents. The Houston metropolitan region, characterized by race/ethnic diversity and a large immigrant population (Emerson et al., 2012) , represents the future demographic profile of the U.S., and as such, is an ideal spatial context for exploring complex patterns of residential race/ethnic composition and racial disparities in childhood asthma.
We found little support for an association between air pollutants and increased odds of asthma diagnosis. Even in the unadjusted models, there was no association between PM 2.5 and asthma prevalence or between ozone exposure and asthma. While several studies find an association between these pollutants and pediatric asthma, findings are not always consistent or in the expected direction (Guarnieri and Balmes, 2014) . Discrepancies in findings, including our lack of association, may reflect major variation across studies in data and methods, including study design (e.g. cross-sectional versus longitudinal), spatial scale (e.g. census tract versus county or withinversus between-community comparisons), sample characteristics (e.g. age of children), asthma outcome (e.g. asthmatic episode or physiciandiagnosis of asthma) and indicator and method for measuring air pollution (e.g. acute versus chronic exposure period) (Akinbami et al., 2010; Nishimura et al., 2013; Wilhelm et al., 2009; Astell-Burt et al., 2013) . Our finding may also suggest that what is more relevant for asthma onset is exposure to air pollution during critical life stages (e.g. in utero) (Shankardass et al., 2015) , which we were unable to measure, or short-term rather than long-term exposure (Guarnieri and Balmes, 2014) . That is, while acute asthmatic episodes may relate strongly to spikes in air pollutants (e.g. Raun et al., 2014) , long term average exposures of air pollutants may be less relevant for asthma onset than the sociodemographic environment. The findings might also reflect the unhealthful ambient levels of air pollution that affect the entire Houston Metropolitan area, including both affluent and poor neighborhoods, due to a variety of factors including emissions from cars, the presence of over 400 chemical manufacturing facilities along the largest petrochemical shipping corridor in the U.S., and meteorological patterns in warmer months that trap masses of unmoving air over the entire city (Sexton et al., 2007) . Alternatively, multivariate regression looks at strength and significance of statistical relationships, and this approach can mask important geographic variability common with environmental hazards (Guo et al., 2005) .
Overall, we find that racial and ethnic disparities in the odds of asthma diagnosis persist after accounting for key individual and neighborhood characteristics. The findings do not indicate, however, that racial disparities are attributable to genetic differences (Williams et al., 2009; Smith et al., 2005) . Disadvantaged children live in distinct ecological environments of complex, interactive and cumulative health risks (Williams et al., 2009) , and to the extent that these risks are biologically embodied and create population differences in health outcomes (Krieger, 2001) , biological profiles of disease and illness stratified by race and class reflect disparities in environmental and social contexts, rather than inherent, genetic differences (Williams et al., 2009 ). Further, we found that variation at the clinic level is an important and understudied area of asthma disparities. Better understanding diagnosis practices and strategies across clinics in more and less advantaged areas may lend insights into the etiology of asthma disparities.
Strengths and limitations
This study does have some limitations. First, the cross-sectional nature of the data raises potential issues regarding exposure effects. We lack information on children's complete residential history and cannot account for temporal ordering of neighborhood exposure and asthma diagnosis. Further, we were unable to account for nativity or countryof-origin, though prior research finds consistent heterogeneity within racial/ethnic subpopulations, including higher rates of asthma prevalence and morbidity among Puerto Ricans compared to other Hispanic subgroups (Gold and Wright, 2005; Rosenbaum, 2008) . A major strength of our study is the use of electronic pediatric medical records from the largest set of pediatric clinics (that accepts private insurance as well as Medicaid and CHIP) in the nation, which provides a large and diverse sample of children who have visited clinics (typically for routine well-child visits) across the Houston metropolitan region. Using data from one hospital and one network of clinics, however, does not provide population-level estimates of asthma prevalence and may raise concerns over selection, particularly as it relates to socioeconomic and race/ethnic differences in hospitalization and clinic utilization. Research suggests that black and Latino children receive less consistent medical care and lower quality of care than white children (Flores et al., 2005) , which could affect the likelihood of receiving an asthma diagnosis. While we were unable to account for unequal access and/or utilization of health services, our estimates of pediatric asthma prevalence, which estimate the likelihood of asthma diagnosis compared to sample children without an asthma diagnosis, are comparable to state and county-level estimates using data from the 2011 Texas Behavioral Risk Factor Surveillance System (BRFSS) (Wickerham and Bhakta, 2013) . In addition, adjusting for neighborhood race/ethnic composition and clustering across clinics may account for some variation in access to care across neighborhoods and quality of care between TCPA clinics.
The inclusion of ambient air pollutants is an additional strength of our study, though one that presents several challenges. Although it is the leading methodology for measuring and regulating air pollution levels, estimates of air quality derived from stationary monitors and residential addresses may not accurately reflect individual exposure (Akinbami et al., 2010) . We were also restricted by a limited and geographically concentrated number of stationary monitors throughout the Houston area, though we speculate that more comprehensive measures, perhaps via mobile monitors, might better capture particulate matter variation. Further, our study only includes two ambient air quality constituents in examining physical environment exposures, though evidence suggests that alternative air pollutants and air pollutant mixtures-including carbon monoxide (CO), nitrogen oxides (NO and NO 2 ) and traffic-related air pollution (TRAP)-are important contributors to childhood asthma onset and asthmatic episodes (e.g. Wilhelm et al., 2009; Shankardass et al., 2015; Nishimura et al., 2013; Guarnieri and Balmes, 2014) . Research shows, for example, that children living near major highways and roads have higher rates of asthma (Kim et al., 2004) and that diesel particulate matter is a cause of new-onset asthma (Pandya et al., 2002) . Future research interested in the relationship between air pollutants and childhood asthma onset should examine multiple ambient air pollutants, as well as proximity to pollution sources. Finally, we lack information on potentially important confounders at the individual and household-level, including detailed family SES and indoor allergen exposure (e.g. household chemicals and smoke exposure) (Smith et al., 2005; Camacho-Rivera et al., 2014; Rosenbaum, 2008) . Socioeconomic and race/ethnic factors have been found to influence indoor allergen exposure at the individual and neighborhood-level (Camacho-Rivera et al., 2014) . Evidence suggests, however, that racial disparities remain even after controlling for individual and household risk factors (e.g. smoke exposure, indoor allergens, substandard housing and household income), indicating that other social and spatial scales, such as neighborhood context, warrant investigation (Rosenbaum, 2008; Smith et al., 2005) .
Conclusion
Among children living in the Houston metropolitan region, several individual and neighborhood-level risk factors were associated with pediatric asthma diagnoses. At the neighborhood-level, concentrated disadvantage and residential co-ethnic composition were associated with an asthma diagnosis. Controlling for all the individual and neighborhood-level risk factors reduced but did not fully eliminate race/ethnic disparities in asthma prevalence. In particular, black children remained more than twice as likely to receive an asthma diagnosis than white children. Future research interested in racial disparities in pediatric asthma must contextualize the multiple, concurrent health risks that children experience by incorporating objective and subjective measures of neighborhood context, in addition to detailed information on family and household characteristics.
